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FIG. 2. Three-dimensional spatial solution for 40 similarity 
matrices generated by multidimensional scaling program 
INDSCAL (Carroll and Chang, 1970). Two-dimensional pro- 
jections of the configuration appear on the wall and floor. Lines 
connect pairs of tones that traded spectral envelopes. Ab- 
breviations for stimulus points- O1 and 02, oboes; C1 and C2, 
clarinets; X1, X2, and X3, saxophones; EH, English horn; 
FH, French horn; Sl, S2, and S3, strings; TP, trumpet; TM, 
trombone; FL, flute; BN, bassoon. 
mensional spatial solution presented several discrep- 
ancies with the clustering analysis, and as a spatial 
solution was difficult to interpret. The three-dimen- 
sional solution overcame the problems of clustering 
and seemed more interpretable. However, there was 
no benefit found for interpreting the data by increasing 
the number of dimensions to four. 
The three-dimensional INDSCAL solution is shown 
in the perspective plot of Fig. 2. Dimension I is the 
vertical axis, II is the horizontal axis, and III is the 
depth axis. The abbreviations adopted for the 16 tones 
are O1 and 02, the two oboes; EH, the English horn; 
BN, the basson; C1, the EY clarinet, and C2, the bass 
clarinet; X1 and X2, the two saxophone tones (mf and 
p, respectively); X3, the soprano sax; FL, the flute; 
T1 •, the trumpet; FH, the French horn; TM, the muted 
trombone; S1, S2, and S3, the cello tones (labeled 
strings: sul ponticello, normal bowing, and muted su/ 
tasto, respectively). The distances of the stimuli are 
given by their relative sizes, and the two-dimensional 
projections of the configuration on the wall and the 
floor. 
The same interpretation of the axes arrived at for 
the original scaling study is applicable to this solution 
[see Grey (1977) for complete details]. Dimension I
can be related to the spectral energy distribution of the 
signals, in terms of the combined effects of bandwidth, 
balance of energy in the lower harmonics, and the prom-' 
inance of upper-formant regions. We present a quan- 
titative model for this axis in Sec. IV. Dimension II 
appears to relate to the form of the onset-offset pat- 
terns of tones, especially with respect to the presence 
of synchronicity in the collective attacks and decays of 
upper harmonics; closely related to synchronicity is 
the degree of spectral fluctuation found throughout the 
tone, where less synchronicity in the attack and decay 
groupings•is accompanied by greater overall spectral 
fluctuation through time. Dimension III is also inter- 
pretable in terms of temporal patterns of the signals, 
in this case the presence or absence of high-frequency, 
low-amplitude energy, most often inharmonic energy, 
during the attack segment. Note also that the projection 
of the tones along the latter two dimensions (on the floor 
of Fig. 2) shows a clustering by family relationships 
that resembles the previous results. 
Of central interest in this study is the comparison of 
the configuration obtained using these modified stimuli 
with the perceptual configuration based on the origina{ 
stimuli. The earlier scaling solution (Grey 1975, 1977) 
is shown in Fig. 3. The tone pairs that traded spectral 
shapes in the present experiment were TI•-TM, FH- 
BN, S1-S2, and C2-O1. In accordance with our pre- 
vious interpretation of the spectral axis, these pairs 
actually exchanged orders on that axis. The tone pairs 
that exchanged spectral envelopes for this experiment 
are joined by lines in Figs. 2 and 3. 
Slight alterations in position on the other two axes 
may be noted, along with small alterations in the over- 
all structure of the configuration. Changes along these 
axes were expected, since spectral modifications also 
modified the temporal characteristics of the tones. 
For instance, T1 •, moved from the previous position 
of an extreme on dimension HI, in Fig. 3, to a more 
central position in the present scaling, in Fig. 2. 
This may have been a result of the amplification of the 
inharmonic frequency shifts during the attack segment 
in the upper harmonics given by the spectral exchange 
II 
III 
FIG. 3. Three-dimensional spatial solution for original 16 
tones (Grey, 1977), as in Fig. 2. Lines connect original un- 
modified pairs that traded spectral envelopes in this experi- 
ment. Abbreviations as in Fig. 2. 
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7.1 An inventory of timbre descriptors for the classical guitar 93
French English French English
040. Feutre´ Felty/Velvety 094. Sombre Dark
041. Fibreux Fibrous 095. Sourd Matted/Surd
042. Flat Flat 096. Spongieux Spongy
043. Florissant Blooming/Blossoming 097. Tight Tight
044. Fonce´ Dark 098. Terne Colourless, drab
045. Fougueux Wild 099. Tranchant Slicing
046. Fracassant Shattering 100. Transparent Transparent
047. Gras Fat 101. Transperc¸ant Piercing
048. Guimauve Marshmellow 102. Vaporeux Vaporous
049. Incisif Incisive, sharp 103. Veloute´ Velvety
050. Laiteux Milky 104. Vif Quick
051. Large Large 105. (Avec) vitalite´ Vivacious
052. Lisse Smooth 106. Vitreux, vitre´ Glassy
053. Lourd Heavy 107. Voile´ Veiled
054. Lumineux Luminous 108. Woody Woody
Table 7.2 Adjectives qualifying timbre in French and English.
One participant spontaneously provided an annotated figure indicating on a guitar the dif-
ferent locations corresponding to di↵erent timbre descriptors (Fig. 7.1), thereby reasserting
the important role of plucking position in timbral variations.
Fig. 7.1 Timbre descriptors and corresponding plucking locations along the
string according to guitarist Zane Remenda (with permission).7.2 Most mmon adjectives 97
Fig. 7.4 Organization of timbre descriptors into clusters. English transla-
tions are displayed.
Some groups of synonyms did not connect with any of other adjectives, such as the
cluster [rugueux, raboteux, reˆche], which translate as rough, scraping and harsh respectively.
These adjectives are not represented on the map.
7.2 Most common adjectives
For each of the 10 most commonly defined adjectives in the study, we compiled all the
synonyms, antonyms, intuitive sound descriptions and associated gesture provided by the
guitarists. The data is reported in this section presenting the adjectives from the brightest
to the mellowest : dry, nasal, thin, metallic, bright, round, warm, thick, velvety and dark.
The numbers in the left column (labelled with symbol #) of the tables below refer to the
participant’s identification number.
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? ?
?? ??? ??????? (Hz)
???????? 
???????? 
????? (sec)
500Hz??????? 
??????????? 
?????? (dB)
???? 
(sec)
?1?10????? 
???????? 
(sec)
??? ?? 491.53 0.14 -5.24 0.39 2.80
?? 472.44 0.10 -4.29 0.39 2.77
?? 525.27 0.16 -0.9 0.35 2.71
?? 569.96 0.16 0.78 0.32 2.75
?? 509.75 0.30 -1.37 0.25 2.82
□? 461.15 0.16 -7.73 0.33 2.40
□? 452.66 0.08 -6.54 0.30 2.07
□? 454.77 0.09 -4.31 0.41 2.34
□? 546.01 0.14 1.14 0.26 2.02
□? 523.33 0.25 -0.28 0.23 2.08
?? 469.12 0.07 -5.45 0.37 1.94
?? 397.82 0.07 -12.48 0.42 2.20
?? 417.46 0.09 -7.46 0.43 2.18
?? 462.33 0.10 -1.14 0.32 1.92
?? 471.53 0.16 -1.18 0.25 2.00
?? ?? 497.97 0.09 -4.03 0.46 2.92
?? 477.36 0.14 -3.97 0.41 2.76
?? 463.58 0.15 -2.59 0.40 2.75
?? 551.88 0.15 1.41 0.35 2.70
?? 549.6 0.26 0.63 0.27 2.66
□? 431.60 0.07 -8.3 0.31 1.91
□? 451.94 0.07 -6.19 0.28 2.00
□? 440.69, 0.08 -4.70 0.29 2.11
□? 501.62 0.12 -1.06 0.34 2.22
□? 469.72 0.16 -1.57 0.26 2.19
?? 407.41 0.06 -8.9 0.28 1.98
?? 388.62 0.07 -11.99 0.29 1.77
?? 390.16, 0.07 -9.83 0.26 1.81
?? 395.73 0.07 -6.4 0.26 1.78
?? 491.51 0.09 -1.31 0.22 1.71
??????????????????????? ????????????
???????????????????????????????????????????????????????
???????????????????????????????????????????????????????????
? ?
?? ??? ??????? (Hz)
???????? 
???????? 
????? (sec)
500Hz??????? 
??????????? 
?????? (dB)
???? 
(sec)
?1?10????? 
???????? 
(sec)
??? ?? 542.15 0.13 -2.16 0.56 3.10
?? 543.58 0.13 -0.07 0.50 3.00
?? 563.04 0.13 1.19 0.45 2.94
?? 606.55 0.15 2.22 0.40 2.92
?? 685.29 0.21 2.30 0.31 2.82
□? 461.15 0.09 -6.71 0.58 2.55
□? 464.25 0.13 -3.29 0.51 2.39
□? 468.81 0.12 -0.59 0.46 2.42
□? 527.95 0.13 1.90 0.42 2.44
□? 571.94 0.16 1.24 0.38 2.43
?? 458.12, 0.10 -3.25 0.33 2.08
?? 388.65 0.08 -11.03 0.35 2.54
?? 427.73 0.12 -4.82 0.35 2.17
?? 462.49 0.11 -0.70 0.32 2.08
?? 458.27 0.17 -1.16 0.30 2.07
???? ?? 418.67 0.16 -6.21 0.50 3.13
?? 453.32 0.17 -2.81 0.42 3.09
?? 407.07 0.17 -1.09 0.43 3.06
?? 489.48 0.17 -0.56 0.40 3.03
?? 446.98 0.18 -2.55 0.31 2.92
□? 410.15 0.15 -7.88 0.65 2.71
□? 398.34 0.15 -6.58 0.62 2.53
□? 402.60 0.15 -5.16 0.60 2.52
□? 480.87 0.15 -0.02 0.44 2.46
□? 433.53 0.16 -2.51 0.34 2.34
?? 380.08 0.08 -9.35 0.49 2.97
?? 364.64 0.15 -11.31 0.49 2.68
?? 384.38 0.09 -8.33 0.50 2.41
?? 422.44 0.15 -3.01 0.45 2.28
?? 448.00 0.16 -1.65 0.35 2.18
????????????????????????????????????????????????? ???
?????????????????????????
??????????????????????????? ???
??????????????????????????????????????????????????????
????????????????????????????????????????????????????????
???????????????????????
? ?
d1 d2
??????? ??? 0.72 0.67
?? 0.78 0.76
??? 0.84 0.77
???? 0.71 0.55
???????? ??? 0.85 0.44
????????????? ?? 0.88 0.60
??? 0.92 0.43
???? 0.55 0.68
500Hz??????? ??? 0.81 0.41
?????? ?? 0.89 0.66
??????????? ??? 0.81 0.56
???? 0.78 0.55
???? ??? -0.72 -0.13
?? -0.09 0.77
??? -0..41 0.55
???? -0.85 -0.19
?1?10????? ??? 0.29 0.86
???????? ?? 0.44 0.94
??? 0.23 0.92
???? 0.00 0.66
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